The article presents preliminary research of an optical system for using in the temporary blood volume measurements in the Polish Ventricular Assist Device (POLVAD). The basis for the proposed solution is the measurement of the light reected from the membrane in dierent congurations of light emitters and light detectors. The paper is describing a proposed measurement technique, measurement circuit and preliminary static measurements results of the developed measurement system. Future development plans are stated.
Introduction
The cardiovascular related problems are very common in the human population. They can vary from the hypertensive disease to an end stage heart muscle failure.
Patients suering of those conditions can be further divided into a group that can be treated with the use of drugs, and a group requiring a surgical procedure. A few years back, the only option for patients with an end stage heart failure was a heart transplant procedure. Because the heart transplant is a complicated procedure, with high risk for the patient and due to a limited number of matching organs, an idea of an articial heart has emerged. It has not been yet solved. A mile stone on the way to the nal solution (articial organ) is a family of solutions allowing for supporting the human heart, by pumping the blood along with the diseased muscle Ventricular Assist Devices [1] . The supported heart muscle can be a subject to a partial or a full recovery, thus the heart transplant procedure might not be necessary anymore. Most of solutions of such a kind that can be found all over the world can be divided on the basis of their operation to pulsatile and non-pulsatile type solutions. In Poland an external pneumatic type, pulsatile Ventricular Assist Device (POLVAD) has been successfully used in patients for over a decade now (Fig. 1) . The prosthesis can be used as LVAD (left side of a heart muscle) and RVAD (right side of a heart muscle) allowing for the supporting of the right or left side of the heart muscle.
The POLVAD prosthesis is being developed in the frame of the Polish Articial Heart Program. The main purpose of the program is an introduction of a family of pulsatile prosthesis (both extracorporeal and intracorpo- * corresponding author; e-mail: grzegorz.konieczny@polsl.pl There were several approaches to the blood volume measurement problem in the POLVAD prosthesis in the past: inter-valve impedance measurement method [9] , capacitance measurement method [10] , an acoustic white noise based method [9] , an optical amplitude sensor, a measurement of the dynamic properties of the prosthesis' casing, an image recognition and an acoustic method The latter solution meets all of the requirements given to a noninvasive blood volume measurements system for using in the POLVAD prosthesis. It allows for the noninvasive measurements of the temporary blood volume with the measurement uncertainty of less than 10%. That method is being further developed. The acoustic method works in acoustic frequencies, thus it can be disturbing to patients when the noise generated by the working prosthesis should be limited. An optical sensor will avoid this problem.
3. An optical approach to the blood volume (Fig. 4) . The higher blood volumes can be estimated with an uncertainty of < 10% of a measurement range (80 ml).
The measurement method of the lower volumes is yet to be developed and will require additional operation on the data acquired from dierent congurations of emitters and detectors. An additional research covering the relation of the combined signals from many congurations is planned.
Conclusions
The preliminary research provides a solid base for a future development of the optical sensor. Twelve light emitters and thirty two light detectors were installed in the casing of the pneumatic chamber of the POLVAD prosthesis prototype. Light sources were excited one at the time, and the data was collected from all of detectors for each volume of the blood chamber. The full lling full ejectionfull lling process was repeated 80 times (the blood volume range between a full and empty state of the prosthesis is 80 ml). The static measurements show that certain congurations of light emitters and detectors can provide a sucient information on higher volumes of the blood chamber (> 40 ml) of the POLVAD prosthesis, with the uncertainties of less than 10% of the measurement range. The estimation of lower volumes of the blood chamber needs further analysis of the collected data. Future researches will include the investigation using numeric methods, aiming at covering of lower volumes of the blood chamber. Following the static measurements the method will be modied for dynamic testing purposes. Number of elements of the sensors matrix is to be limited following extended researches.
